Bacillus thuringiensis formulation, Bacilex(R), was applied to apple and cabbage leaves to assess the fate of viable spores. The number of viable spores on leaves exposed to sunlight decreased rapidly with the lapse of time after application, but persisted on leaves for a long time under shade or with the interception of sunlight. A decrease in the number of viable spores and in the pathogenicity to the silkworm were distinctly observed with the exposure to light having a maximum spectral energy distribution of 450-500 jem, moderate at 500-600am, and slight at 650-700um.
INTRODUCTION
Bacillus thuringiensis has been widely used to control lepidopterous larvae in many countries, but in Japan, B. thuringiensis formulations that contain viable spores are yet to be registered. Studies on the microbial ecology of B. thuringiensis after application may contribute to the development of the use of B. thuringiensis in sericultural areas.
We report the results on the fluctuation of viable spores of B. thuringiensis on plant leaves under different conditions and the relationship between the number of viable spores and pathogenicity to the silkworm, Bomyx mori L.
MATERIALS AND METHODS
The B, thuringiensis formulation used in this experiment is Bacilex(R) wettable powder prepared from a mixture of freeze-dried powder of B. thuringiensis subsp. kurstaki and subsp. aizawai and contained 8. 1X109 spores/g.
The first experiment was conducted to assess the fate of viable spores on apple and cabbage leaves. The formulation was homogenized with distilled water using a teflon homogenizer under an ice bath. An aliquot of 1mg/ml was prepared with the suspension and applied by f oliar spray at sufficient volume to eight young apple trees (Starking Delicious, 40-50 leaves) or cabbage in pots (Shikidori, 6-7 leaf stage). Immediately after they dried, the treated plants were transferred to a glasshouse (25-30C) and each was kept under one of the following conditions:
1) covered with a sheet of black net (shading rate: 58%)
2) treated with artificial rainfall (34mm/ 15 min)
3) not treated with the black net or rainfall. At 2 day intervals after the application disks 3 cm in diameter were prepared from leaves of each test plant. Leaf disks of 1 g were rinsed and shaken in 10 ml of Dulbecco's phosphate buffered saline1) containing 200 ppm of Tween-80. After washing the disks, the suspension was serially diluted l0-fold with distilled water. One tenth ml of each diluted sample was spread on Mueller Hinton agar medium (Eiken Chem. Co.) containing Polymyxin-B sulfate (Taito Pfizer Co.) at 5 ppm and potassium Penicillin-G (Meiji Seika Co.) at 4 ppm. After the plates had been kept at 37C for 18-20 hrs, the number of colonies (viable spores) was counted and the serotype for B. The recovery of viable spores on leaves after the first experiment was carried out as follows : water suspension of the formulation was serially diluted 10-fold and a 200ul drop of each dilution was applied with a micropipette on a leaf disk, 3cm in diameter, detached from apple or cabbage and left to dry gently on a clean bench. The five treated leaf disks were then put in 5 ml of phosphate buffered saline containing 200 ppm of Tween-80 in a test tube and were removed after shaking for 5 min. On the other hand, 1 ml of each proportional concentration with the formulation was shaken with 5 ml of phosphate buffered saline. Viable spores of these suspensions were counted by the method previously described.
The preparation was also tested to determine its pathogenicity to the silkworm. The preparation was diluted l0-fold with distilled water and 0. 5 ml of each diluted preparation was incorporated with 10 g of the artificial diet. 3' This diet was spread out to 5 mm thickness on filter paper and 10 silkworm larvae (Shunrei x Shogetsu, 3rd instar) reared on an artificial diet were inoculated with the treated diet and allowed to feed for 3 days at 25C. Then, the surviving larvae were transferred to the untreated diet and reared for another 2 days. Larval mortality was determined 5 days after inoculation and LC50 values were calculated from the concentration-mortality regression lines.
The second experiment was conducted to clarify the effects of environmental factors on the fate of viable spores on leaves. A 2mg/ml suspension of B. thuringiensis formulation was prepared as described above and applied to cabbage plants by foliar application (15ml/ pot).
The treated plants were: 1) exposed to sunlight in a glasshouse (20-30C) 2) covered with aluminum foil to intercept sunlight in a glasshouse 3) exposed to sunlight in a glasshouse and the leaves were sprinkled with water for 7 days (30 ml/pot/day) 4) exposed to sunlight outdoors (10-15C) 5) covered with aluminum foil outdoors 6) exposed to sunlight outdoors and sprinkled with water 7) exposed to fluorescence at 25C 8) untreated in a glasshouse. Six hr, 4 and 8 days after the application, leaf disks were prepared from cabbage in each treated pot. Viable spores on the leaf disks were counted as previously described.
The third experiment was conducted to determine the wavelength of sunlight that may influence the fate of B. thuringiensis spores and their pathogenicity to the silkworm. One gram of the formulation was mixed with 10ml of ethyl ether and shaken for 15min. One milliliter of the preparation was poured on a petri dish, 6 cm in diameter. It has been reported that ethyl ether does not affect the crystal or crude toxin of B. thuringiensis. 4' The deposits of B. thuringiensis after volatilization of ether were kept in a transparent acryl container (20X15X5cm depth) covered with colored cellophane (0.025mm thickness) and exposed to sunlight in a glasshouse (20-30C, 20-50% RH) during the experimental periods. The spectral energy distribution of light penetrating the colored cellophane had been previously determined with a radioautospectrometer. After exposure to sunlight, 5 ml of phosphate buffered saline containing 200ppm of Tween-80 was poured into each petri dish and a suspension containing the deposits of B. thuringiensis was prepared by stirring. After they were serially diluted 10-fold with phosphate buffered saline, the number of viable spores was counted and pathogenicity to the silkworm was determined.
RESULTS AND DISCUSSION
There are many reports on the persistence of B. thuringiensis in soil, 5-9' in water, 10' or on leaves. 11-16) In the present paper, we attempted to determine the factors which influenced variability of effectiveness by a count of the number of B. thuringiensis spores on treated plants.
First trials were conducted to determine the fate of B. thuringiensis spores on leaves after application (Figs. 1 and 2) .
Viable spores on cabbage leaves exposed to sunlight showed a rapid decrease in number at 4 days after the application and had dis- of leaf used. Rainfall treatment resulted in a decrease similar to that obtained by sunlight exposure and the viable spores disappeared at 16 days. As the formulation tested contained two subspecies of B. thuyingiensis, the serotype for spores on leaves was done using a method previously reported.2) We found no distinct differences in the existence of the two subspecies on the leaves.
To evaluate the reliability of the data shown in Figs. 1 and 2 , the recovery ratios of viable spores on both leaves and the residual activity for the silkworm were examined (Table 1) . Viable spores on cabbage were more detectable than on apple leaves, but no significant differences in residual activity could be observed. A residual test was also conducted to determine the fate of viable spores on cabbage kept under several different conditions (sunlight, rainfall or temperature) after application. As shown in Table 2 , the initial deposits of B. thuyingiensis on cabbage leaves were observed at the 107 level, but decreased to the 103 or 104 level after 8 days with exposure to sunlight. These results coincide with previous results. On the other hand, the decrease in number of viable spores was moderate with green cellophane (550-600um) and only slight with red cellophane (650-700um) or Kent paper. 
